Class names and number of proteins of the three BaCelLo training datasets.
Cross-validation Evaluation
We evaluated all YLoc predictors in a 5-fold nested cross-validation evaluation scheme on the training datasets. Since MultiLoc2 was trained with the same datasets we compared both methods (see Table 4 ).
Surprisingly, we did not observe a considerable difference between the predictors regarding prediction performance. All predictors show very high ACC and F1. The major difference between the methods Class names and number of proteins of the Höglund training datasets. For training the animal, fungal, and plant versions of YLoc, the locations vacuole and chloroplast, lysosome and chloroplast, lysosome are not used, respectively.
lies in their complexity. MultiLoc2 is based on a complex SVM-ensemble classifier and uses hundreds of features, whereas YLoc is based on a very simple classification model.
Confidence Estimates
YLoc returns confidence estimates which help the user to distinguish between reliable and not reliable predictions. In Figure 1 the number of correctly and wronlgy predicted proteins during a 5-fold nested cross-validation is shown. In the manuscript, we showed that the accuracy of YLoc is increased with increasing confidence score. YLoc's prediction performance for different confidence levels is given for all BaCelLO IDS in Table 5 .
Benchmark study on two independent datasets
We evaluated the performance of YLoc on two independent datasets (IDSs), the BaCelLo IDS and the Höglund IDS. Each IDS consists of animal, fungal, and plant proteins. In our benchmark study, we included five state-of-the-art subcellular localization predictors, namely MultiLoc2, BaCelLo, LOCTree, WoLF PSORT, Euk-mPloc, and KnowPred. The performance was measured using the overall accuracy (ACC) and average F1-score (F1). In Tables 7, 9 , and 11, the performance of the predictors on animal, fungal, and plant proteins from the BaCelLo IDS is shown regariding the above measures as well as Class names and number of proteins (#) of the DBMLoc training datasets. Furthermore, the kind of proteins present in these multiple locations, including some example proteins, are shown. re-trained all YLoc predictors. In the following, we mark YLoc predictors that use no GO-terms for their prediction with * . In Tables 8, 10 , 12, 14 the performance of the YLoc * predictors on the animal BaCelLo IDS, the fungi BaCelLo IDS, the plant BaCelLo IDS, and the animal Höglund IDS, respectively.
Evaluation of multiple-localization prediction
We compared YLoc + , WoLF PSORT, Euk-mPloc, and KnowPred regarding to their ability to predict multiple localization sites. Therefore, all proteins of the DBMLoc dataset were predicted by WoLF PSORT, Euk-mPloc, and KnowPred. Since, YLoc + uses this dataset for training, we evaluated YLoc + in a nested 5-fold cross-validation scheme. Thus, in each fold all predicted proteins were not contained in the training set. The overall performance was measured using overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1) (see Table 15 ). Since KnowPred returns only scores for each location but no location prediction, we applied a threshold for the returned multilocalized confidence score (MLCS). The MLCS is a measure how likely a protein is located in multiple locations. Lin et al. [3] found a good trade-off of true negatives and true positives for a threshold of 30.
If the MLCS is below 30, we predict only the top scoring location. Otherwise, all locations with a score above 30 are predicted. We found that both thresholds result in a fair performance trade-off between the two independent datasets and the DBMLoc dataset. Note that YLoc + and WoLF PSORT are available as animal, fungi, and plant version. Moreover, for each predictor, the performance is calculated using single-label measures as well as multi-label measures. Performance of the YLoc predictors on the Bacello IDSs concerning F1 and ACC for different minimum confidence scores. Moreover, the number of instances that can be predicted with the given minimum confidence level is given. The performance of YLoc + was measured using the generalized F1 and ACC. Values obtained from a very small set of proteins with less than 50 proteins are greyed out.
In addition, we evaluated the performance of YLoc + *, the version of YLoc without the use of GO terms. The performance of YLoc + * is summarized in Table 16 .
The DBMLoc dataset was intentionally homology reduced with a sequence identitiy threshold of 80% since the number of available training sequence for multiple localization sites is very small. We re-trained YLoc + with the DBMLoc dataset, but this time we deleted all sequences that had a sequence idendentity of more than 40%. The re-trained YLoc + , YLoc40 + , shows similar performance for the multi-label data when evaluating it in a 5-fold cross-validation scheme. Moreover, WoLF PSORT and Euk-mPloc also show no considerably change in the prediction performance (see Table 17 ). Again, we evaluated the performance of YLoc40 + *, the version of YLoc without the use of GO terms. The performance of YLoc40 + * is summarized in Table 18 .
Elucidating localization changes
In the manuscript, we study the ability of YLoc to predict experimentally verified localization changes. In Table 6 , we list the tested isoforms and mutated proteins, their location shift, and the predicted location.
In the following section, the used protein sequences are listed.
Example Proteins
In our manuscript, we discuss predictions made some example proteins. In the following, we list the used proteins including their Swiss-Prot AC, name, possible isoform, and the experimentally observed location and, if possible, references to the original paper. More details on the listed isoforms can be found in the given references. Performance of YLoc-LowRes, YLoc-HighRes, YLoc + , MultiLoc2-LowRes, MultiLoc2-HighRes, BaCelLo, LOCTree, WoLF PSORT, Euk-mPloc, and KnowPred on the animal BaCelLo IDS regarding overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1). The performance of YLoc + , WoLF PSORT, Euk-mPloc, KnowPred were measured using the generalized measures for multi-label classification. Performance of YLoc-LowRes*, YLoc-HighRes*, and YLoc + * on the animal BaCelLo IDS regarding overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1). The performance of YLoc + was measured using the generalized measures for multi-label classification. Performance of YLoc-LowRes, YLoc-HighRes, YLoc + , MultiLoc2-LowRes, MultiLoc2-HighRes, BaCelLo, LOCTree, WoLF PSORT, Euk-mPloc, and KnowPred on the fungi BaCelLo IDS regarding overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1). The performance of YLoc + , WoLF PSORT, Euk-mPloc, and KnowPred were measured using the generalized measures for multi-label classification. Performance of YLoc-LowRes*, YLoc-HighRes*, and YLoc + * on the fungi BaCelLo IDS regarding overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1). The performance of YLoc + was measured using the generalized measures for multi-label classification. Performance of YLoc-LowRes*, YLoc-HighRes*, and YLoc + * on the plants BaCelLo IDS regarding overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1). The performance of YLoc + was measured using the generalized measures for multi-label classification. Performance of YLoc-HighRes*, and YLoc + * on the animal Höglund IDS regarding overall accuracy (ACC), average recall (REC), average precision (PRE), and average F1-score (F1). The performance of YLoc + was measured using the generalized measures for multi-label classification. The prediction performance of the different versions of YLoc + , WoLF PSORT, Euk-mPloc, and KnowPred on the DBMLoc dataset is shown. The prediction performance was measures using multi-label measures and singles label measures (in italic). The prediction performance of the different versions of YLoc + without the inclusion of GO terms on the DBMLoc dataset is shown. The prediction performance was measures using multi-label measures and singles label measures (in italic). The prediction performance of the different versions of YLoc + , WoLF PSORT, Euk-mPloc, and KnowPred on the DBMLoc40 dataset is shown. The prediction performance was measures using multi-label measures and singles label measures (in italic). The prediction performance of the different versions of YLoc + without the inclusion of GO terms on the DBMLoc40 dataset is shown. The prediction performance was measures using multi-label measures and singles label measures (in italic).
